Introduction
Perinatal asphyxia is defined as the inability of the newborn to initiate and sustain enough respiration after delivery and is characterized by a marked impairment of gas exchange [1] .
Perinatal asphyxia is caused by a lack of blood flow or gas exchange to the fetus during late pregnancy, during, or after birth as a neonate. When placental (before birth) or pulmonary (immediate after birth) gas exchange is decreased or stopped altogether, there is partial (hypoxia) or complete (anoxia) lack of oxygen to the vital organs. This causes progressive hypoxemia and hypercapnia. If the hypoxemia is severe enough, the tissues and vital organs (muscle, liver, heart, and ultimately the brain) will develop an oxygen debt.
Anaerobic glycolysis and lactic acidosis will ensue. Neonatal hypoxic ischemic encephalopathy refers to the neurologic sequelae of perinatal asphyxia [2, 3] .
The diagnosis of perinatal asphyxia is made when the umbilical cord arterial pH is <7, the APGAR (Appearance, Pulse, Grimace, Activity, and Respiration) score is 0-3 at the fifth minute, and there are central nervous system manifestations like seizures, lethargy, coma, hypotonia, or hypertonia and multisystem organ dysfunction [4] .
The incidence of perinatal asphyxia in developed countries is 2 per 1000 live births, but the rate is 10 times greater in developing countries where there is no adequate access to maternal and neonatal care. Of those asphyxiated neonates, 15-20% will die in the neonatal period and around 25% of survivors will have permanent neurologic deficits [5] .
According to the World Health Organization, perinatal asphyxia is one of the three common causes of under-five child mortality (11%) following preterm birth (17%) and pneumonia (15%) [6] . Africa accounts for 11% of the world's total population but with more than 25% of the world's neonatal mortality. Neonatal mortality occurs one in every 4 children in Africa [7] . Because of large neonatal mortalities in Africa, neonatal mortality has remained high globally [8] [9] [10] . Neonates born in sub-Saharan Africa have a substantial risk of perinatal asphyxia. Approximately 280,000 neonatal mortalities occur during the first day of life because of birth asphyxia [7, 8, 11, 12] .
In Ethiopia, neonatal mortality accounts for 29/1000 live births. Many of these deaths occur during the first 48 hours of age, and still, the reduction in mortality is low [13] . In Ethiopia, perinatal asphyxia is one of the leading causes of neonatal mortality, accounting for 34% [14] .
Despite this high mortality and morbidity associated with perinatal asphyxia, the prevalence and associated factors of perinatal asphyxia are not well studied in Ethiopia and there is no report on the prevalence and associated factors of perinatal asphyxia in the study area so far. Therefore, this study is aimed at assessing the prevalence and associated factors of perinatal asphyxia among newborns admitted to Ayder Comprehensive Specialized Hospital in Tigray region.
Materials and Methods

Study Setting. Ayder Comprehensive Specialized
Hospital is found in the Tigray region Mekelle town, which is around 778 km from the capital city Addis-Ababa. It started as a referral and specialized medical center in 2008 GC. It delivers clinical service to more than a population of 8 million in the catchment areas of Tigray, Afar, and southeastern parts of the Amhara regional state. It provides a broad range of medical services to both in-and outpatient for all age groups. It also serves as a teaching hospital to several medical, dental medicine, nursing, midwifery, public health, pharmacy, anaesthesia, and medical laboratory students in both undergraduate and postgraduate programs. It is the second largest hospital in the nation and has more than 500 inpatient beds in the four major departments (internal medicine, pediatrics, gynaecology and obstetrics, and surgery and other specialties 
Exclusion Criteria.
Neonates were excluded if they are suffering from major congenital anomalies or syndromes, e.g., NTD (neural tube defect), have incomplete documentation (no maternal or fetal measurement parameters), are kept for observation, and have mothers who took general analgesia.
2.3. Sample Size Determination and Sampling Method. The sample size was determined by using a single proportion formula. The sample size determination formula is
where n is the required sample size, p is the proportion, and d is the level of precision or acceptable error. 95% confidence interval with a 5% level of precision and 21.1% prevalence of perinatal asphyxia were used in a tertiary hospital in Nigeria [15] . The total sample size was calculated to be 256. With a contingency rate of 10%, the final sample was determined to be 282. Finally, variables with a P value < 0.05 were expressed as associated factors of perinatal asphyxia. The study subjects were selected by a systematic sampling method, and relevant information was collected using a checklist.
Study Variables.
The dependent and independent variables are provided in Table 1 .
Operational Definitions.
Neonates are newborn infants who are less than 28 days. Perinatal asphyxia is the inability of the newborn to initiate and sustain adequate respiration after delivery.
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Perinatal asphyxia is considered when the 5 th APGAR score is <7 or a neonate did not cry or needed resuscitation.
HIE (hypoxic ischemic encephalopathy) is a central nervous system dysfunction during the neonatal period, and it is due to ischemic and hypoxic insult.
Prolonged labor is the total duration of labor > 24 hours. Congenital malformation is a physical defect present in a newborn at birth that results in central nervous system depression.
Data Collection Procedures. Prestructured data collection
format was used to collect the information. Data was collected by medical interns. Relevant information was obtained which includes neonatal information (gender, gestational age, birth weight, and APGAR score), maternal information (age, parity of mothers, residence, place of delivery, mode of delivery, and problems during pregnancy or labor).
2.7. Data Processing and Analysis. Data were entered into SPSS (Statistical Package for the Social Sciences) version 20 (Armonk, NY: IBM Corp), cleaned, coded, and checked for normality and completeness before analysis. Descriptive statistics was used to determine the prevalence of birth asphyxia and sociodemographic as well as obstetrics history. Bivariate and multiple binary logistic regression analysis was carried out to identify the associated factors of PNA. Variables with a P value < 0.25 during bivariate analysis were included to multivariable logistic regression model. Finally, variables with a P value < 0.05 were expressed as associated factors for perinatal asphyxia. 
Results
A total of 3403 neonates were admitted to the NICU during the study period, and a total of 282 neonate medical records were collected using a standardized random sampling approach and 267 (94.7%) neonate medical records had complete data, and 15 patients were omitted due to incomplete data. Of the 267 neonates, 48 had perinatal asphyxia, giving us a prevalence of 18%. Majority of the study neonates' mothers (62.2%, n = 166) were aged 20-35. More than half of the mothers (57.6%, n = 154) were from urban area. Of the study neonates, 58.8% (n = 157) were males. Most of the neonates (82.2%, n = 221) were admitted in the first 72 hours of age. The mean age of the study neonates at admission was 2.47 days with SD (±3 days) and 1.25 (±0.7 days) for those neonates with PNA. The majority of the mothers of PNA neonates (28, 58 .3%) were between 20 and 35 years of age. Almost all neonates (98%, n = 47) with PNA were admitted within the first 72 hours of age (Table 1) .
Clinical Characteristics of Study Participants.
Majority of the mothers (60.3%, n = 161) were multiparous. Almost all mothers (98.5%, n = 263) had ANC follow-up, and 93.6% (n = 250) had normal duration of labor. Of all mothers, 95.9% (n = 256) had intrapartum membrane rupture and 6.4% (n = 17) of them had preeclampsia. With respect to amniotic fluid status, twenty-two (8.2%) had MSAF. Majority (61.4%, n = 164) had normal vaginal delivery. Although 5.6% (n = 15) neonates were born with birth weight greater than or equal to 4000 g, 59.2% (n = 158) were weighing 2500-3999 g.
Among the mothers of neonates with PNA, 52.1% (n = 25) were from rural area, while 58.3% (n = 28) were multiparous. Of all these neonates, 58.3% (n = 28) were born in tertiary hospitals. A significant number of neonates (8, 16 .6%) had MSAF. Most of the mothers (83.3%, n = 40) had normal labor and delivery history, and 62.5% (n = 30) of them gave birth via SVD. Majority of the asphyxiated neonates (58.3%, n = 28) were males ( Table 2) .
Clinical Features and Outcomes of Asphyxiated Neonates.
Thirty-three neonates (68.75%) had a score of 4-6 at the 5 th minute, and 27.15% (n = 13) had no record of APGAR score but needed resuscitation (did not cry). More than half (26, 54.17%) were admitted with stage II PNA (Table 3) . When we see the outcome of asphyxiated neonates, 56.25% (28) discharged improved, while 37.5% (n = 18) newborns died, resulting in a case fatality rate of 37.5%. From the asphyxiated neonates who died, 61% (n = 11) were stage III, onethird of them (33.3%, n = 26) were stage II, and one was stage I PNA. The mean hospital stay of PNA patients was 9.42 days with SD (±8.81). (Table 4) . But on multivariable logistic regression analysis, preeclampsia, presence of meconium, and duration of labor were statistically significant associated factors of PNA. Neonates born to mothers who had preeclampsia were 7.94 times more likely to develop PNA as compared to neonates from mothers without preeclampsia (AOR = 7:94, 95% CI: 2.22-28.37).
Neonates born to mothers with prolonged duration of labor were 5 times more likely to have PNA (AOR = 5:19, 95% CI: 1.73-15.63).
Neonates who were born with meconium-stained amniotic fluid were 4 times more likely to have perinatal asphyxia as compared to those neonates delivered with clear amniotic fluid (AOR = 4:17, 95% CI: 1.34-12.98).
Discussion
In the present study, the prevalence of perinatal asphyxia was found to be 18%, which is higher than in developed countries, the latter of which has reduced it to less than 0.1% [16] . However, similarly high prevalence rate was seen in general hospitals of Tigray, 22.1% [17] . Moreover, it is comparable with the studies done in other African countries like Gusau, Nigeria (21.1%) [15] , and Dar es Salaam, Tanzania (21.1%) [18] . But it was lower than the study conducted in Dilla, Southern Ethiopia, which was 32.8% [19] . This high rate of variation could be due to differences in the methodology, the use of different definitions of birth asphyxia in different settings, the difference in the study facilities, and maybe due to resource disparity or the study participants' economic status. It could also be attributed to the difference in the availability of skilled workers.
In this study, more males than females were affected by perinatal asphyxia (58.3%). This is consistent with the report from Bangladesh (60.8%) [20] , Dow University of Health Sciences, Karachi (61.3%) [21] , and 60.3% in Nigeria [22] . This could be explained by the protective effect of the additional "x" chromosome [23] .
The case fatality rate of perinatal asphyxia was 37.5%. This is comparable with the study conducted in Sri Lanka which was 40.6% [24] . But it is higher than the reports from [25] , Gusau, Nigeria (25.5%) [15] , and Birnin Kudu, Nigeria (10.3%) [26] . However, the frequency found in this study is lower than the 62.5% fatality rate from Dar es Salaam, Tanzania [18] .
The disparity could be attributable to the difference in hospital setup (some may be better equipped) and the difference in health care provider skills and birth asphyxia severity. Although this study has reported high fatality rate, perinatal asphyxia has contributed to a low overall neonatal mortality rate (6.7%, N = 18) which is lower than what has been reported in other studies.
Most of the neonates with stage III perinatal asphyxia (84.6%) died. This is higher than the reported 66.7% from Enugu, southeast Nigeria [25] , and 44.4% from Karnataka, India [27] . The reason could be due to the difference in the health facility setup and the presence of multiorgan failure associated with hypoxic-ischemic encephalopathy.
The current study revealed that the odds of developing perinatal asphyxia was 4 times higher in neonates of mothers who had meconium-stained amniotic fluid than those without meconium-stained amniotic fluid. Such was demonstrated in the general hospitals of Tigray [17] and also [20, 28, 29] . MASF is often associated with fetal hypoxia which promotes meconium discharge in amniotic fluid, gasping and aspiration of MSAF, and also changes in the vascular muscular of pulmonary blood vessels of the fetus [30] .
The odds of developing perinatal asphyxia was 5.19 times higher in a newborn whose mother had prolonged duration of labor. This is consistent with reports from different hospitals in Ethiopia including general hospitals in Tigray, Dessie, and Dire Dawa [17, 31, 32] and in other African countries like Cameroon [33] and Bayero University Kano, Nigeria [22] . The reason could be delayed labor which might be causing the fetus to be involved in labor for a long time that carries a higher risk of birth trauma and asphyxia [34] . Strict follow-up of laboring mother with partograph may ameliorate the situation.
Neonates born to mothers who had preeclampsia were 7.94 times more likely to have perinatal asphyxia than neonates from mothers without preeclampsia. This is in agreement with studies done in universities in Nigeria [22] , Nairobi [35] , and Pakistan [36] . The reason why preeclampsia is a risk factor for perinatal asphyxia could be due to decreased blood flow to the fetus that may lead to hypoxia and finally perinatal asphyxia. 
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As this study has shown high prevalence and also alarmingly significant mortality in neonates with PNA, good obstetric interventions and proper care of neonates in the neonatal intensive care unit are mandatory.
4.1. Strength of the Study. This is the first PNA study in our hospital, and it was able to show the prevalence, associated factors, and outcome of asphyxiated neonates. The study was designed with random sampling technique. Moreover, neonates were included from both rural and urban areas of residence.
4.2.
Limitations of the Study. This study had some important limitations because it was conducted in a tertiary care hospital where significant numbers of patients were referred being critical; therefore, this prevalence may not reflect the overall prevalence of the community.
Furthermore, this study does not show cause-and-effect relationships because of the cross-sectional study design.
Measurement of fetal or neonatal arterial blood gas would give a stricter and more precise definition of PNA but our hospital's setup could not give such services because of resource constraints.
Conclusion
In conclusion, the prevalence of perinatal asphyxia was high. The case fatality rate of perinatal asphyxia was alarmingly high. Prolonged labor, presence of meconium-stained amniotic fluid, and preeclampsia were predictors of perinatal asphyxia. Early detection and intervention of highrisk mothers should be carried out by health care providers, and mothers should be monitored with partograph during labor.
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